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AS&ftAOT
Aa e le c tro n ic  in strum en t s u ita b le  fo r  u se  m  a  chemical an a ly se r 
ha® been designed and constructed*  th e  an a ly se r c o n s is ts  e s s e n t ia l ly  
o f two h igh  frequency o s c i l l a to r s  (on® a  “re fe re n c e 11 and th e  o th e r a  
“w orking*1 o s c i l l a to r )  and a  system fo r  Measuring th e  frequency d iffe re n c e  
between th e  two* Chemical a n a ly s is  w ith  th e  use  o f  t h i s  Instrum ent i s  
based upon th e  p r in c ip le  t h a t  th e  frequency o f  an o s c i l l a to r  changes 
w ith  a  change in  com position o f th e  core m a te ria l o f  th e  tank  c i r c u i t  
c o ll*  In  t h i s  in stru m en t, o f  th e  heterodyne ty p e , th e  tank  c i r c u i t  c o i l  
fo m  i s  hollow and th e  core m a te r ia l i s  changed by p lac in g  th e  chemical 
system  under in v e s t ig a t io n  w ith in  th e  hollow c o il  form* th e  magnitude 
o f  th e  frequency change caused by in s e r t io n  o f th e  chemical system i s  a 
fu n c tio n  o f  th e  com position o f  th e  chemical System* S ta b i l i ty  o f  oper­
a t io n  has been checked*
The an a ly zer i s  adap tab le  to  most types o f  conductom etria t i t r a t i o n s  
and i s  n o t su b jec t to  th e  o b jec tio n s  asso c ia ted  w ith  e lec tro d es  in  co n tac t 
w ith  so lu tion*  Acid-baa© o r p re c ip i ta tio n  t i t r a t i o n s  can be made read ily *  
By use o f a  p rev io u s ly  prepared c a l ib r a t io n  ch a rt d i r e c t  co n cen tra tio n  
measurements can be ma.de on many organic b inary  systems* The frequency 
changes caused by a number o f  organic compounds have been measured and 
a re  l is te d *
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f a l l  in to  one o f  fo n t g en era l c lasses*  (1 ) th e  s tan d in g  wave method* ( 2 ) 
th e  b r id g e  method# ( 5 ) th e  resonance method* end (4) th e  heterodyne b e e t 
method*
th e  s tan d in g  wav# method of m easuring d ie l e c t r ic  eonst&nts was in tro *  
dueed by Drude (10* IX)* Standing H erta ian  waves were s e t  up in  two parade 
l e i  w ires* th e  wave len g th s  being  in v e rse ly  p ro p o rtio n a l to  th e  square ro o t 
o f  th e  d ie le c t r ic  c o n s ta n t o f  th e  medium between th e  w ires* S a n ita tio n  to  
produce th s  waves was ob ta ined  by means o f  two sem ic irc le s  o f  copper wire# 
immersed in  o i l  and connected to  a  T esla  tran sfo rm er. Around th e  semi c i r c le s  
was a  loop o f  w ire  connected to  th e  two p a r a l le l  w ires  i n  which th e  waves 
were s e t  up by Induction# Wave len g th  measurements were made by determ ine 
la g  th e  d is ta n c e  %>tw©en two p o in ts  a t  which a Q e is s ie r  tube glowed most 
strong ly*  An i n i t i a l  nodal p o in t was e s ta b lish e d  by grounding an a r b i t r a r y  
i l y  chosen p o in t along th e  wire* Maximum high frequency p o te n tia l  p o in ts  
were th ereb y  s e t  up a t  d is ta n c e s  from the  i n i t i a l  nodal p o in t equal to  odd 
m u ltip le s  o f  one q u a rte r  wave le n g th , A O e iss le r  tube glows most s tro n g ly  
when held  d i r e c t ly  above a  maximum high frequency p o te n tia l  point* Working 
a t  freq u en c ies  between te n  and th re e  hundred megacycles# Drude measured th e  
d ie le c t r ic  C onstants o f  a  number o f l iq u id s  and d e tec ted  the  d ie le c t r ic  
d isp e rs io n  o f  water* Coolidge (7) improved th e  p re c is io n  o f  measurement 
by a  m od ifica tio n  o f  th e  method of determ ining th e  d is ta n c e  between nodal 
po in ts*  As l a t e  as  1921 Hoi bom  (17) used a m o d ifica tio n  o f  t h i s  method 
to  determ ine th e  d ie le c t r ic  cons to u t  o f  w ater,
W* N ernst (27) i s  g en e ra lly  considered th e  p ioneer in  th e  us® o f  th© 
a l te r n a t in g  c u rre n t bridge method o f  making conductance measurements# having
h
rep o rted  such measurements m  e a r ly  a s  lBp% fb& working p r in c ip le  o f  th e  
b ridge  i s  so w ell known th a t  m  d e s c r ip tio n  I s  needed here* even today , th e  
conductance b ridge  i© s tandard  equipment i n  every  physios o r  p h y s ica l chemis­
t r y  lab o ra to ry *  The development o f  th ie  instrum ent has te e n  c h ie f ly  along 
th e  l in e s  ©f In c rea s in g  p re c is io n  by means o f  more s e n s i t iv e  n u l l  in d ic a tin g  
d ev ices , th e  e lim in a tio n  o r  f ix a t io n  o f  s t r a y  w irin g  c a p a c it ie s  and f i e ld  
o f f s e t s ,  and th e  compensation fo r  conductance o f  l iq u id s  when making di*» 
e l e c t r i c  measurements* I n  1904 K sm st and Leroh (28) # making conductance 
measurements a t  1 * 5  m egacycles, repo rted  th e  use  o f  a  s p e c ia lly  designed 
galvanom eter to  improve th e  s e n s i t iv i ty  o f  n u ll  p o in t de tec tio n *  King and 
P a tr ic k  ( S I ) ,  a f t e r  developing an  a m p lif ie r  to  be used in  th e  n u l l  in d ic a to r  
c i r c u i t  o f  a  b rid g e  o p e ra tin g  a t  one thousand cy c les  made a  c r i t i c a l  examin­
a t io n  o f  t e e  r e la t iv e  m erits  o f  th e  s tand ing  wav® and th e  b ridge methods o f  
measurement* They rep o rted  t h a t ,  due to  th e  bread In d ic a tio n  o f  nodal p o in ts ,  
te e  p re c is io n  o f  th e  s tand ing  wav® method was in f e r io r  to  t h a t  o f  th e  b ridge 
a t  low freq u en c ies  j bu t in h e re n t e r ro r s  in  th e  bridge mad® th i s  type o f  
measurement im p ra c tic a l a t  frequencies  much above one megacycle*
When a  c i r c u i t  c o n s is tin g  o f  an in ductance , a  cap ac itan ce , and a 
r e s is ta n c e  in  s e r ie s  i s  ex c ited  a t  i t s  n a tu ra l  frequency as  determ ined by 
te e  v a lu es o f  th e  components o f  th e  c i r c u i t ,  a  co n d itio n  known a s  resonance 
i s  sa id  to  e x is t*  The value o f  th e  cu rren t flow ing through such a  c i r c u i t  
i s  a t  a  maximum under th e  co n d itio n  o f resonance* This phenomenon forms 
te e  b a s is  f o r  th e  resonance method o f  m easuring d ie le c t r ic  co n stan ts  * I f  
In  such & c i r c u i t  th e  c a p a c itiv e  branch I s  formed by two condone era  In
s
p a r a l le l  and i f  th e  d i e l e c t r i c  between th e  p la te s  o f  on® o f  th o se  condensers 
i s  ©hanged, th e  fftlu© o f t h a t  condenser w i l l  ho changed end th e  c i r c u i t  can** 
n o t remain in  a  d&ate o f  resonance# However, th e  c i r c u i t  can be re s to re d  
t o  a  s ta t e  o f  resonance by vary ing  th e  value o f  th e  second condenser in  such 
a  manner as to  compensate f o r  th e  ©hangs in  value  o f  th e  f i r s t  condenser 5 
r e tu rn  to  resonance i s  in d ica ted  by maximum d e f le c tio n  Of a  galvanom eter 
r e g is te r in g  th e  c u rre n t through th e  c i r c u i t#  th e  amount o f  c a p a c ity  re *  
qu ired  to  compensate e x ac tly  fo r  th e  change i n  value ©f tb® f i r s t  condenser 
i s  a  fu n c tio n  o f  th e  d ie le c t r ic  c o n s ta n t o f  th e  m a te ria l between th e  p la te s  
o f  th e  f i r s t  condenser, in  a c tu a l p ra c tis e  th e  f i r s t  Condenser i s  u su a lly  
a  condenser type c e l l  in  which a i r  i s  used as th e  d ie le c t r ic  during  th e  
o r ig in a l  e s tab lish m en t o f  th e  co n d itio n  o f  resonance, th e  a i r  i s  th en  d ie*  
placed  by th e  l iq u id  under in v e s tig a tio n  and resonance re s to re d  by tu n in g  
th e  second condenser# which i s  an a c c u ra te ly  c a lib ra te d  p rec is io n  v a r ia b le  
condenser* Tank (*£5) was among th e  e a r ly  u se rs  o f  t h i s  method* T hsodori- 
sc h ie k  Walden, H hlioh, Werner (5 7 ), and Fslckenberg (12) a lso  c a r r ie d
o u t in v e s tig a tio n s  in  which t h i s  method was used* l a t i e y  ( 2 2 ) published a  
c r i t i c a l  review  o f  th e  v arious m o d ifica tio n s  o f  th© th re e  general c la s se s  
o f  methods* Tim p r in c ip le  o b je c tio n  to  th e  method o f resonance was th e  in ­
a b i l i t y  to  determ ine th e  p o in t o f  resonance p rec ise ly *  A p lo t  Of frequency 
v e rsu s  c u rre n t showed a  v ery  sharp maximum a t  th e  p o in t o f resonance, pro­
vided th e  q o f  th e  c i r c u i t  was s u f f ic ie n t ly  high* However, when th e  molar 
conductance o f  th e  l iq u id  under in v e s tig a tio n  was ap p rec iab le , i t  was impos­
s ib le  to  m ain tain  a  h igh Q, and th e  maximum c u rre n t p o in t was r a th e r  broad*
6
Thl# in a b i l i t y  to  make p rec iae  measurements led  to  th e  development o f  th e  
heterodyne boat method o f  determ ining d ie le c tr ic -  co n stan ts*
The heterodyne b ea t method © alls fo r  two independent sources o f  
o s c i l l a t io n s ,  a  s tag e  fo r  b ea tin g  th e  two, and ft means o f  determ in ing  th e  
d iffe re n c e  o r  b ea t frequency* In  th e  de term ina tion  o f  d ie le c t r ic  constant© 
by t h i s  method, th e  frequency o f  one source o f  o s c i l la t io n s  i s  he ld  co n s tan t 
While th e  frequency o f  th e  o th e r  i s  v a ried  by u t i l i s i n g  a  condenser type 
c e l l  as one o f  th e  frequency c o n tro ll in g  elements* th e  c i r c u i t s  a re  tuned 
to  a predeterm ined frequency d iffe re n c e  (which may o r  may n o t be aero ) w ith  
a i r  between th e  p la te s  o f  th e  condenser c e ll*  When th e  a i r  i s  d isp laced  
by th e  l iq u id  w ider in v e s t ig a t io n , th e  frequency o f o s c i l la t io n  o f  one 
source changes and consequently  th e  frequency d iffe re n c e  changes* th e  o r ig in ­
a l  o s c i l l a t io n  frequency and th e  frequency d iffe re n c e  may be re s to re d  by 
tu n in g  a  second p re c is e ly  c a lib ra te d  v a r ia b le  condenser in  th e  same c i r c u i t  
u n t i l  ex ac t compensation has been made fo r  th e  change in  cap ac ity  o f  tb s  con­
denser c e ll*  th e  p re c is io n  o f  th i s  method depends in  p a r t  upon th e  rep ro ­
d u c ib i l i ty  o f  th e  b ea t n o te , s in ce  th e  b ea t no te  i t s e l f  la  th e  s e n s ib le  
in d ic a to r*  Hyslop and Carman (18) were among th e  e a r l i e s t  o f  workers in  
t h i s  f ie ld *  These in v e s tig a to rs  chose f iv e  hundred and tw elve cy c le s  a© 
th e  predeterm ined value  o f  th e  bea t no te  and tuned to  t h i s  b ea t by au d ito ry  
comparison w ith  a  tu n in g  fork* F r i t t s  (14) used e s s e n t ia l ly  th e  asm© in ­
s tru m en ta tio n  except t h a t  a  photographic record  of th e  b ea t was obtained*
One s id e  o f  a  ra a o r  b lade wedge s l i t  was fasten ed  to  a tun ing  fo rk  and th e  
o th e r  to , th e  diaphram o f  a telephone ac tua ted  by th e  b ea t note* The © lit  
was illu m in a te d  and th e  image allowed to  f a l l  upon l ig h t  s e n s i t iv e  paper*
?
$tefcS»c«t ( 1£) w&n mmg  th e  f i r s t  to  employ tmrnm. tuba® m  p a r i  o f  th e  o o o tl*  
lA tln g  c i r c u i t*  'The c i r c u i t  was of tl*e H lc k le r  type m i  t a o d
to  a  mro b e a t condition* lahn  (4S# 4$) employed th® 3t i c k le r  
*&rmig sso a i t© measure th e  © le t i r ie  sss»m i o f  m m  itiolMftj&eo# $h*
wmmxrmmbto war® r<&d© a t  a  frequency ©f ©aid siegpeyele axtdt th e  b o a t not#  
was flssod by f a r th e r  missing th e  bs&t w ith  t!w  s ig n a l fmm a  on* thotaaagtd 
c y c le  tim ing  fo rk *  A s ig n i f i c a n t  eoo&Kl bu tto n  o f  th© M m  appeur&bua was th e  
m il qua condense? arrange?3e*it wMeh placed th e  c e l l  aoxidaxuior in  e e r ie *  w ith  
a  la rg e  ftm d  condanaor which in  tu rn  mm *onn*et*d in  p a r a l le l  w ith  a  la rg e  
p re c is io n  v a r ia b le  tim ing  condenser# By th i s  em n g o tsen i email change® In. 
walm  of th e  c a p a c ity  o f  th e  c a l l  n e c e s s i ta te !  very  la rg e  changes in  the  
tim ing  condenser*
AC =  -
In  th e above equation 0 represent® the capacity o f  th e oomlonaey c o ll#  K*
I s  th e  c a p a c ity  o f  th e  la rg o  fisted condenser, and f  la  th e  r&Xu® o f  th e  
v a r ia b le  condaassr* W illiams and Xrefosa ( 3$) s im p lif ie d  th e  heterodyne 
b ea t method e&sswhat by u s in g  th e  f ix ed  frequency o s c i l l a t in g  c i r c u i t  a® a  
dual purpose o ss ills to r- is lse a r  stag©*' however, t h i s  a r r t e i ^ m i  prorcdUtui* 
s a t i s f a c to ry  because i t  perm itted  ommo coupling between th e  two sources 
o f  o s c i l l a t io n  and they  could m  longer bo described  as  independent*
William* and fteieborger (A0) r e c t i f i e d  t h i s  cond ition  by re tu rn in g  to  t h i  
urn o f  a  th i rd  sep a ra te  radmer stage# In  t id e  e d i f ic a t io n ,  two H artley  typo 
c i r c u i t s  wore employed# S tu a r t 0 A) obtained  come e a c u rc a o n tc  w ith  a  high
C 2
A K
C K + K '+ C  )  A K +  C K +  K'D 2
S3 ~  f































3  ^  S
1
© >
s ta b i l i ty *  S iran a th an  ( 5 5 ) developed a  "P ortab le  A lte rn a tin g  O urrent Oper­
a te d  Heterodyne Beat Apparatus o f  Unusual Frequency S t a b i l i t y !l employing one 
v a r ia b le  frequency o s c i l l a to r  and one c ry s ta l  c o n tro lle d  o s c i l l a to r  working 
a t  one h a l f  megacycle* The v a r ia b le  frequency o s c i l l a to r  was o f th e  e le c tro n  
coupled type  w ith  a  H artley  c i r c u i ts  g rid  and plat© condenser va lues were 
c a lc u la te d  from th e  Llw ellyn formula* Clapp ( 6 ) in v e s tig a te d  th e  dependence 
o f  frequency s t a b i l i t y  upon therm al and in te r - e le c tro d e  e f f e c ts  o f  th e  tu b e 4 
His s tu d ie s  revealed  th a t  maximum frequency s t a b i l i t y  n e c e s s ita te d  a  h igh  
in te rn a l  impedance g enera to r lo o se ly  coupled to  a  low impedance h igh  Q 
c ir c u i t*  T ransla ted  in to  physica l r e a l i t y » t h i s  meant a  a e r ie s  resonan t 
tan k  c i r c u i t  and a  vacuum tube w ith  a  h igh  value o f p la te  re s is ta n ce *  Glapp 
in co rp o ra ted  th e  s e r ie s  resonan t c i r c u i t  in  a  b as ic  Go1p i t t a  design  w ith  
th e  v o ltag e  d iv id e r  feed-back  condensers p a r a l le l  to  tho  tub® in te r - e le c tro d e  
cap acitan ces * Sramer (16) in  th e  Q S T la b o ra to r ie s  s tu d ied  th e  o p era tin g  
c h a r a c te r is t ic s  o f  t h i s  o s c i l l a to r  and described  i t  as an o s c i l l a to r  o f  
su p e rio r  frequency s t a b i l i t y ,  alm ost independent o f  tub® therm al e ffe c t*
The Clapp design  forms th e  basic c i r c u i t  o f  th e  chem ical an a ly se r described  
in  t h i s  d is s e r ta tio n *
The r e p o r t  in  1946 o f Jensen and Parraok  (20) o f  an e le c iro d e lo aa  
conduetom stric t i t r im e te r  marked a  tu rn in g  p o in t in  th e  f ie ld  o f  conductance 
measurements as  ap p lied  to  an a ly sis*  P rev iously  a l l  oonduotometrio work 
had been done w ith  e le c tro d e s  i n  co n tac t w ith  th e  so lu tion*  thereby  sub­
je c t in g  th e  o p e ra tio n  to  a l l  th e  o b jec tio n ab le  fe a tu re s  o f  e le c tro d e s , such 
os chem ical non-un ifo rm ity , non-homogenoouo su rface  c h a r a c te r is t ic s ,  concen­
t r a t io n  p o la r is a t io n , and gas evolution* F u rth er, conductance investigation©
aft h ig h  fiffqaMnttlaii had been alm ost e n t i r e ly  confined to  a ttem pts  to  con- 
firm  oaf d isprove th e  in te r - io n ic  th e o r ie s  o f  Debye, Huokel, and Ons&ger.
As e a r ly  a s  lp2$ 3«nd (3 1 ) believed  t h a t  d i lu te  so lu tio n s  o f s tro n g  e le c t ro ­
ly te s  would show in creased  conductance a t  h igh  rad io  freq u en c ie s . In  19$& 
Debye and Falkenhagcn 0 )  as a  r e s u l t  o f  c a lc u la tio n s  baaed upon th e  Beby©- 
Huckcl th e o r ie s ,  p red ic ted  q u a n ti ta t iv e ly  an in c rea se  In  conductance o f  
e le c t r o ly te s  a t  h igh  freq u e n c ie s . Stoo&roua in v e s t ig a to rs  in c lu d in g  Sack, 
Sabn, Weia, Maisoh, G aerinor, and Arnold (JO, 44, 5 6 ,  S3, 13, 2) te s te d  
th e  v a l id i ty  o f th e  Debye-Falkanhagen p re d ic tio n  by m easuring th e  conduct­
ance o f  s e v e ra l e le c tro ly te s  over a  range o f  h igh  freq u e n c ie s . Although 
experim ental d i f f i c u l t i e s  invo lv in g  th e  co n tro l o f  s tr a y  f ie ld s  a t  th e se  
high freq u en cies  p ro h ib ite d  c lo se  agreement between in d iv id u a l in v e s t ig a to r s ,  
s t i l l  i t  was apparen t from th e  r e s u l t s  o f  th e se  workers th a t  q u a l i ta t iv e ly  
a t  l e a s t  th e  Bebye-F&Xkenh&gen p re d ic tio n  had been confirm ed.
The Jensen t i t r im e te r  e lim in a tes  th e  e le c tro d e s  in  co n tac t w ith  
so lu tio n , and renders non -ob jec tionab le  th e  e f f e c t  o f  s tr a y  field®  a t  high 
freq u en c ie s• I t  i s  p e r t in e n t  to  p o in t ou t th a t  th e  Jenson apparatus was 
designed n o t as  a to o l fo r  in v e s tig a tio n  o f  physico-chem ical phenomenons 
bu t r a th e r  a s  an a n a ly t ic a l  to o l  fo r  fo llow ing  th e  change o f some p roperty  
o f  a  chemical systems t h i s  p roperty  i s  known to  be co n cen tra tio n  dependent 
b u t, as  y e t ,  has n o t been sharp ly  d e fin ed . Th© im portance o f th e  Jensen 
t i t r im e te r  was im m ediately evident* Although th® p o ss ib le  u t i l i t y  o f  con­
v en tio n a l eonductom stric t i t r lm e t r y  was roeognissed, acceptance o f  th i s  
method as a  ro u tin e  a n a ly t ic a l  to o l had n o t been widespread because o f  th e
II
r a th e r  cumbersome apparatus and c r i t i c a l  m anipulation  accompanying a  con­
v e n tio n a l eonductoraetrie t i t r a t io n *  th e  Jensen t i t r im e te r  • rep resen ted  an 
instrum ent which req u ired  o f  th® o p era to r only th® a b i l i t y  to  road a b u re t 
and an e jsae te r, Both Blake and A rd i t t i  (4 , % 1) have o ffe red  m o d ifica tio n s  
o f  th e  Jansen  t i t r im e te r*  The A rd i t t i  instrum ent d i f f e r a  from th a t  o f  J e n -  
sen on ly  in  th a t  th® g r id  cu rre n t ra th e r  than  th© p la te  c u rre n t o f  th e  os­
c i l l a t o r  i s  measured* In  th e  Blake ap p ara tu s, th® oonduetom etric c e l l  form® 
th e  core  o f  a  rad io  frequency coupling tran sfo rm er; th e  r e c t i f i e d  c u rre n t 
in  th e  secondary i s  measured a s  a fu n c tio n  o f concen tra tion*  Both o f  th e se  
methods u t i l i s e  c u rren t as  th e  s e n s ib le  in d ic a to r ;  magnitude o f th e  c u rre n t 
i s  a  fu n c tio n  o f  loading  o f  th e  c i r c u i t ;  load ing , in  tu rn .  I s  a  fu n c tio n  
o f  th e  co n cen tra tio n  o f  th e  components o f  th e  system* The work presen ted  
by t h i s  au thor c o n s ti tu te s  both  a  refinem ent o f in stru m en ta tio n  and an ex­
pansion o f  th e  a p p lic a tio n s  o f th e  Jensen method*
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High-Frequency Oscillator
Utilizing Heterodyne Principle to Measure Frequency Changes Induced by
Diverse Chemical Systems
PH ILIP W. W EST, T . S. BURKHALTER, AND LEO BRO USSARD 1 
Louisiana  S ta te  U n ivers ity , B aton  R ouge , La.
A h igh  frequency osc illa tor  u tiliz in g  th e  h eterod yn e princip le has been  designed  
for u se in  m easu rin g  frequency changes in d uced  by diverse ch em ica l sy stem s.
T he increased  sen sitiv ity  ob ta in ed  can  be u tilized  to  d e tec t and  m easure co n ­
cen tra tio n  ch an ges o f  a n a tu re  th a t  w ould require lon g  and  ted ious procedures 
by ordinary ch em ica l m eth od s.
HIGH-frequency oscillations have been used for almost 40 years to determine dielectric constants, which have served 
to indicate the course of reactions, to follow the progress of frac­
tional distillations, to determine the composition of binary mix­
tures of certain isomers, and in some cases to determine the mois­
ture content of solids (I , 5). However, the direct application of 
high-frequency oscillations to chemical analysis has received little 
attention until very recently.
In 1946 Jensen (4) reported a high-frequency oscillation titrator 
applicable to the performing of conductometric titrations without 
the use of standard-type electrodes. The conductometric cell is 
placed inside the field of the tank circuit coil of a high-frequency 
oscillator and the change in plate current of the oscillator tube is 
plotted against volume of the titrating reagent added to the cell. 
The reversal of the curve of plate current versus volume indicates 
the equivalence point of the titration. In 1947 Blake (%) reported 
the use of radio-frequency oscillations in making conductometric 
titrations. In the Blake apparatus the output of a radio-fre- 
quency oscillator is coupled inductively to a metering system  
where the radio-frequency current iŝ  rectified and the direct cur­
rent registered on a meter. The titration cell is placed inside the 
core of the coupling transformer and the rectified current is 
plotted against volume of titrating reagent. Reversal of the 
curve of current versus volume indicates the equivalence point.
The instrument designed by the present authors is based upon 
the principle that the frequency of an oscillator changes with a 
change of composition of the core material of the tank circuit coil. 
In this instrument, of the heterodyne type, the tank circuit coil 
form is hollow and the core material is changed by placing a small 
glass cell, filled with any desired chemical system, within the 
hollow coil form. The frequency change is plotted as a function 
of concentration. Because frequency changes as small as 10 in 
4,000,000 cycles may be measured accurately, the increased sensi­
tivity thus obtained can be utilized to detect and measure con­
centration changes that would require long and tedious proce­
dures by ordinary chemical methods.
EXPERIMENTAL
The heterodyne analyzer consists essentially of two high-fre­
quency oscillators (one a "reference” and the other a "working” 
oscillator), and a system for measuring the frequency difference 
between the two oscillators. The purpose of the reference oscilla­
tor is to make possible a means of measuring the frequency change 
of the working oscillator without measuring the actual frequency. 
By beating the output of the working oscillator with that of a 
reference oscillator, a difference (beat) frequency in the audio 
range may be obtained. A change in frequency of the working 
oscillator will thus cause a frequency change of equal magnitude
1 Present address, Esso Laboratories, Esso Standard Oil Company, Baton 
Rouge. La.
in the beat frequency. This beat frequency change can be meas­
ured with a satisfactory degree of accuracy. The block diagram 
(Figure 1) illustrates the manner of operation of the analyzer.
Interchange of energy between the two oscillators through the 
mixer tube is prevented by the two buffer stages. The output of 
each oscillator is fed into its buffer stage and thence into the mixer 
tube. No amplification is gained in'the buffer stage; rather, the 
buffer serves solely to isolate completely the sources of oscillation 
from each other, so that a change in frequency of the working 
oscillator cannot affect the reference oscillator. The output of the 
mixer stage, consisting of the two original frequencies, the sum, 
and the difference of the original frequencies, is conducted to the 
detector system where the beat frequency is isolated. The beat 
frequency is then amplified in the audio amplifier stage and can be 
measured by any standard frequency-measuring device.
In this laboratory an accurately calibrated audio-oscillator 
(Hewlett-Packard 200-1) and an oscillograph (DuM ont 208-B) 
were used. The output from the audio-amplifier stage was fed to 
the vertical plates of the oscillograph while the output of the 
audio-oscillator was fed to the horizontal plates. The frequency 
.of the audio-oscillator was varied until the Lissajous pattern on 
the screen of the oscillograph indicated that the frequency of the 
audio-oscillator was equal to the heat frequency. The choice of 
an audio-oscillator-oscillograph combination for a frequency me­
ter was purely expedient. A number of commercial direct reading 
audio-frequency meters could have served just as satisfactorily.
OSCILLATOR
D E T E C T O R  — -  A M P L IF IE R  — -
, WOR KI N G
F igure 1. B lock D iagram  o f  H eterodyne A nalyzer
The change in frequency of the working oscillator, caused by in­
sertion of a chemical system into its field, is measured in the 
following manner:
Under normal stand-by conditions (no chemical system within 
the field of the working oscillator) the frequency meter indicates 
the difference (beat frequency, stand-by) between the frequencies 
of the working and reference oscillators. If a chemical system is 
then placed inside the tank coil of the working oscillator, the fre­
quency of this oscillator will change while the frequency of the 
reference oscillator is unaffected. The frequency meter will then 
read the difference (beat frequency, loaded) between the frequen­
cies of the reference oscillator and the working oscillator with a 
chemical system in its tank coil. The difference between the two 
meter readings (beat frequency, stand-by minus beat frequency, 
loaded) is equal to the change in frequency of the working oscilla­
tor.
One of the most important physical characteristics of the in­
strument is the frequency stability of the two oscillators. The
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F igure 3. Frequency D rift o f  Each  
O scillator
two oscillators under stand-by conditions must be able to main­
tain a constant frequency difference. The circuit diagram for the 
oscillators (Figure 2 ) is the Clapp modification of a Colpitts-type 
oscillator and is especially well suited for work of this kind. A 
description of the individual parts is given in Table I. The 
oscillator circuit is described by Gramer (3 ), who investigated the 
stability of the oscillator in the QST laboratories, and reports 
that the circuit "results in an oscillator whose frequency is al­
most independent of plate voltage and tube thermal effects.” 
The unusual stability is due to loose coupling between the oscilla­
tor tube and a high Q tuned circuit. The large capacity of C2 and 
C3, compared to Ci, makes coupling between the tube and the tuned 
circuit very loose, so that the circuit Q can be kept very high; 
in addition, these large values "swamp” the grid to cathode and 
plate to cathode capacities to such an extent that the effect of any 
change in these capacities becomes negligible.
The stability of the oscillators in the heterodyne analyzer is 
shown in Figures 3 and 4. Figure 3 shows the frequency drift 
from a cold start of each oscillator relative to that of a 4.3-mega­
cycle crystal-controlled oscillator. The output of each oscillator 
independently was beat with, the output of the previously warmed 
up crystal oscillator. The difference frequency was measured
Table I. V alues o f
Condensers
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every minute for 96 minutes. Because the crystal oscillator has 
negligible drift, the variation of the difference frequency is due to 
the drift of the oscillator. The two curves are almost parallel 
throughout their length and after 45 minutes show practically 
zero drift and a constant frequency difference. Figure 4 is a plot 
of time versus beat frequency, stand-by from a cold start. During 
the first 45 minutes the beat frequency gradually increases, then 
slopes off and becomes constant within 10 cycles. The frequency 
of each oscillator varies about 1 cycle per volt with fluctuations of 





F igure 4. T im e vs. B eat Frequency
The buffer, mixer, detector, and amplifier stages are all of 
standard design and may be modified in any way necessary to fit a 
particular need. The buffer is an R-C coupled 6K7 R-F amplifier. 
The mixer stage consists of a 6L7 tube with a split cathode resistor 
to maintain proper bias on each of the control grids. A diode- 
type detector circuit is employed utilizing a 6H6 tube. The 
audio-amplifier uses a 6J5 tube with the component values ad­
justed to give approximately a linear amplification factor of 14 
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mm.) fits snugly into the coil form. The titrant is added from a 
microburet, the beat frequency change is measured after the 
addition of each increment, and a plot is made of volume versus 
beat frequency change. Figure 5 is a sample graph made by this 
method. Ten milliliters of 0,01000 N  potassium hydroxide in the 
test tube were diluted to approximately 30 ml. and titrated with 
0.1060 N  hydrochloric acid.
Table II. B eat Frequency C hange Induced by V arious 
Organic C om pounds
Compound













n-Amyl alcohol 20312eH-Amyl alcohol 2938
n-Octyl alcohol 2550
Acetone 4397
M ethyl ethyl ketone 4103
Diethyl ketone 3922












M ethyl n-propionate 1890
M ethyl n-butyrate 1687
ML. OF HCI 
Figure 5, A cid-B ase T itration
By using a small volumetric flask (special design, 19-ml, 
capacity) which fits entirely inside the coil form and a previously 
prepared calibration chart, direct concentration measurements 
can be made on many binary organic systems. The calibration 
curve of composition versus beat frequency change is nearly 
linear and for many systems is sufficiently steep so that accuracy 
of the order of 0.2 to 2.0% can be attained. A calibration chart 
of the aniline-nitrobenzene system shows that the curve is a 
straight line with a slope of 36 allowing an accuracy 0.3%.
The slope of the calibration curve is determined by the differ­
ence in the beat frequency change induced by the pure com­
ponents. The greater the difference in the beat frequency change 
induced, the steeper the slope of the calibration curve and the 
greater the attainable accuracy. The beat frequency changes in­
duced by a number of organic compounds have been measured 
and are listed in Table II. A difference of beat frequency change 
equal to 5000 cycles between any two compounds represents an 
attainable accuracy of 0 .2%,
The layout and mechanical construction of a high-frequency 
oscillator of exceptional stabilit3r are at least partially an art. 
Stray wire capacity, chassis currents, radiation effect, etc., consti­
tute individual problems with every set. The technician who has 
had no previous experience with high-frequency oscillators will 
meet with some difficulty in his first attempt. However, any 
radio amateur or veteran with radio-radar maintenance experience 
should have no difficulty in obtaining the required stability.
APPLICATIONS OF TH E ANALYZER
The analyzer is adaptable to most types of conductometric 
titrations. Acid-base or precipitation titrations can be made 
readily. A common 50-mi. heat-resistant test tube (25 by 105
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